Remarkably narrow optical homogeneous linewidths of the order of kHz have now been observed in low temperature zero-phonon transitions of dilute impurity ion crystals, such as Pr 3+ in LaF3. Novel nonlinear optical resonance techniques have been devised for this purpose using ultrastable phase locked cw dye lasers where the measurements are performed either in the frequency domain (hole burning) or in the time domain (coherent optical transients). These studies effectively bring the Mossbauer effect into the optical region. Hence, the observed linewidths are no longer limited by inhomogeneous strain broadening (---5 GHz) or even by static local fields due to neighboring spins (---100 kHz). However, weak magnetic field fluctuations from local spins are readily detected. As an example, spin decoupling and line narrowing, which are well known in NMR, are observed in an optical transition of Pr3/:LaF3 at 2 K where the 19F-19F dipolar interaction is quenched and the optical linewidth drops from 10 to 2 kHz, clearly demonstrating the spin broadening mechanism. Results will be discussed in terms of a Monte Carlo line broadening theory.
INTRODUCTION
Solids have long played an important role in the development of laser physics. Indeed, the first laser was a solid state device, namely, Maiman's ruby laser. Shortly thereafter the field of nonlinear optics commenced when Franken et al. 2 transformed a ruby laser beam into its second harmonic by passing it through a quartz crystal. And the first coherent optical transient effect, the photon echo, was detected later in ruby by Hartmann et al. 3 Laser spectroscopy, 4 on the other hand, has been concerned largely with atomic and molecular systems in the gas phase, and it is only recently that the new techniques of laser spectroscopy have been applied to solids. Within the last three years, for 
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due to the laser frequency switch f/ f' at 0, a process which terminates the excitation of the initially prepared packet and allows sensitive detection of the free precession signal with low noise. Omitting trivial factors, the resulting FID Bloch solution is of the form
The preexponential factor displays a nonlinear intensity dependence in contrast to NMR where FID is a first order process due to the small inhomogeneous broadening. Similarly, the damping term in (8) exhibits power broadening through the term x2T1T2 where T1 >> T2 in pr3+:LaF3. In the limit x2TIT2 << The dipolar mechanism has been demonstrated convincingly by an optical magic angle line narrowing experiment 6 which we now discuss.
The pulse sequence is shown in Figure 5 and involves not only laser frequency switching for producing FID but the simultaneous application of an rf pulse in near resonance with 19F nuclei. The basic idea is that pairs of F nuclei throughout the crystal undergo mutual spin flips which produce a fluctuating magnetic field at each Pr 3/ site. The 1D2 and 3H4 states of Pr 3/ fluctuate in energy correspondingly and thus the optical transition broadens. With a suitable r.f. field applied, the F precessional motion about its effective field tends to average out the F-F dipolar interaction and as a result the Pr-F dipolar interaction is quenched (see Figure 6 ). This effect can be viewed as a kind of motional narrowing. A detailed theory, which is given elsewhere, 6 predicts that the Pr a+ linewidth is given by hv(/) Av(0) cos/ }(3 cos2/ 1) (9) where/3 tan -1 (3,FB,,/A) is the angle that the effective field of the F nucleus makes with the z axis in its rotating frame, B being the r.f. field amplitude. From (9) residual width. Figure 7 shows that the experimental results agree rather well with Eq. (9) Figure 8 that the optical dephasing time is rather insensitive to the assumed fluorine mean flip time T. Actually, the parameter T need not be assumed, but rather it can be calculated from the method of moments 24 to be T---10T2 Very recently, we have attempted to obtain analytic solutions for the optical dephasing problem using a Gaussian modulation model. This approach, which will be reported elsewhere, 1 has enjoyed some success and should be a useful method in the future for describing the nature of optical dephasing in these many body systems.
